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LYIL — The  Constitution  of  Chaulmoogric  and  Tlydno 

cavpic  Acids. 

\ 

By  Marmaduke  Barrowcliff  and  Frederick  Belding  Power. 

In  a previous  communication  on  “ The  Constituents  of  Chaulmoogra 
Seeds”  (Power  and  Gornall,  Trans.,  1904,  85,  838)  the  isolation 
of  a new,  unsaturated,  optically  active  acid  was  described.  This 
acid,  designated  chaulmoogric  acid,  melted  at  68°,  had  [a]o  +56°,  and 
was  shown  to  possess  the  formula  CjgHggOg.  Although  isomeric  with 
linolic  acid,  it  combined  with  only  two  atomic  proportions  of  bromine 
or  iodine,  and  must,  therefore,  contain  in  its  structure  both  a closed 
ring  and  an  ethylenic  linking. 

In  a subsequent  communication,  entitled  “ The  Constitution  of  Chaul- 
moogric Acid,  Part  I”  (Trans.,  1904,  85,  851),  several  derivatives  of 
this  new  acid  were  described.  It  was  also  shown  that,  for  an  unsatu- 
rated compound,  it  exhibited  certain  remarkable  properties,  since  it 
was  unattacked  by  fused  alkalis,  even  at  300°,  and  when  boiled  with 
sodium  and  amyl  alcohol  the  ethylenic  linking  was  not  reduced. 

When  oxidised  in  alkaline  solution  with  potassium  permanganate, 
dihydroxydihydrochaulmoogric  acid,  CjgH3202(0H)2,  was  obtained, 
together  with  formic  acid,  and  an  acid  possessing  the  formula 

C,gH2g0(C02H)2.* 

The  authors  have  extended  the  study  of  chaulmoogric  acid,  more  especi- 
ally with  regard  to  the  products  furnished  by  its  oxidation  with 
potassium  permanganate.  The  present  communication  embodies  the 
results  obtained,  and  the  conclusions  which  may  bo  drawn  from  them 
respecting  the  constitution  of  this  acid. 

* An  ester,  to  which  the  formula  CigHaaiCOjEtla  was  xjreviously  ascribed,  has  now 
been  found  to  have  consisted  of  impure  etliyl  dodecanedicarboxylate.  No  acid  of 
the  formula  CijHjaiCOjHla  is  produced  by  the  oxidation  of  chaulmoogric  acid. 
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'When  a dilute  aqueous  solution  of  chaulmoogric  acid  in  an  excess  of 
potassium  hydroxide  is  treatedat  temperatures  below  10°  with  an  amount 
of  potassium  permanganate  equivalent  to  one  atomic  proportion  of 
oxygen,  a considerable  portion  of  the  acid  is  recovered  unchanged. 
This  is  clue  to  the  very  sparing  solubility  of  the  potassium  salt  in  water 
at  low  temperatures.  If,  however,  an  amount  of  permanganate 
equivalent  to  2 — 3 atomic  proportions  of  oxygen  is  employed  at  a 
temperature  of  18 — 20°,  two  isomeric  dihydroxydihydrochaulmoogric 
acids  having  the  formula  0jgH3202(0H)2  can  be  isolated,  whilst  formic 
acid  is  also  produced.  The  acid  to  which  the  name  a-dihydroxydihydro- 
chaulmooyric  acid  may  he  applied  melts  at  105°,  and  has  [aji,  + 11 'G® 
It  is  identical  with  the  dihydroxy-acid  previously  described  (Power  and 
Gox’nall,  loc.  cit.).  The  isomeric  acid,  designated  as  fi-dihydroxydihydro- 
chaulvioogric  acid,  melts  at  93°,  and  has  [a Jo  - 14'2° 

On  repeating  the  oxidation  with  the  use  of  an  amount  of  permangan- 
ate equivalent  to  four  atomic  proportions  of  oxygen,  an  acid  of  the 
formula  C^gHgoO^  was  produced.  This  was  isolated  in  the  form  of 
its  methyl  ester,  which  had  the  composition  C^gllg^O^,  melted  at 
64°,  and  gave  a semicarbazone  melting  at  110°.  It  thus  appears  that 
this  is  the  methyl  ester  of  a hydroxyketodihydrocJiaulmoogric  acid.  On 
hydrolysis  with  alcoholic  sodium  hydroxide  this  ester  neutralised  two 
equivalents  of  the  alkali,  notwithstanding  the  fact  that  it  is  derived 
from  a monocarboxylic  acid.  This  property  is  probably  due  to  the  open- 
ing of  the  ring  by  the  hydrolysis  of  the  grouping  •CH(OH)*CO*,  with 
the  formation  of  the  sodium  salt  of  a hydroxydicarboxylic  acid, 

^18^34^5- 

The  acid  liberated  from  this  salt  was  found  to  have  the  formula 

^18^32^4’ 

but  it  did  not  again  yield  the  original  ester,  and  would  therefore  appear 
to  be  a lactonic  acid,  formed  by  the  elimination  of  a molecule  of 
water. 

By  the  oxidation  of  chaulmoogric  acid  in  alkaline  solution  with  an 
excess  of  permanganate,  an  amount  of  the  latter  equivalent  to  6 — 7 
atomic  proportions  of  oxygen  was  consumed.  A tricarboxylic  acid 
(m.  p.  68°),  having  the  formula  C^gHg.20,j,  was  thus  obtained,  together 
with  ?i-dodecanedicarboxylic  acid,  [CH2]i2(C02H)2,  a smaller  quantity 
of  ?i-undecanedicarboxylic  acid,  [CH2]2i(C02H)2,  and  still  smaller 
quantities  of  oxalic  and  malonic  acids.  The  tricarboxylic  acid  is  a 
very  stable  compound,  and  the  numerous  attempts  to  obtain  from  it 
such  degradation  products  as  would  throw  light  on  its  constitution 
were  unsuccessful. 

In  order  to  ascertain  whether  the  same  products  would  be  obtained 
under  different  conditions,  an  oxidation  of  chaulmoogric  acid  was  con- 
ducted in  acetic  acid  solution.  The  n-dodecanedioarboxylic  acid  and  the 
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tricarboxylic  acid,  Cj8H320g,  were  'again  produced,  and,  in  addition  to 
these,  a keto-dicarboxylic  acid,  Cji^HgQOg  (ra.  p.  128°),  identical  with  the 
acid  of  this  formula  described  in  the  previous  communication  {loc.  cit.). 
When  this  keto-acid  is  oxidised  in  alkaline  solution  with  an  amount  of 
potassium  permanganate  equivalent  to  thi’ee  atomic  proportions  of 
oxygen,  the  principal  product  is  w-dodecanedicarboxylic  acid,  which  is  ap- 
parently associated  with  a small  quantity  of  ?i-undecanedicarboxylic  acid. 
The  constitution  of  this  keto-acid  may  therefore  be  represented  by  the 


formula  C02H’[CH2]2“pC0’[CH2]^2'^02®’  oxidation  taking  place 


principally  at  the  place  indicated  by  the  dotted  line  with  the  production 
of  n-dodecanedicarboxylic  and  malonic  .acids,  and  also,  to  a much  less 
extent,  at  the  other  side  of  the  carbonyl  group,  yielding  ?t-uudecane- 
dicarboxylic  and  succinic  acids.  The  amount  of  succinic  acid  formed 
was  not  sufficient  to  permit  of  its  identification,  but  malonic  acid,  as 
already  stated,  has  been  identified  as  a product  of  the  oxidation  of 
chaulmoogric  acid  with  an  excess  of  permanganate.  The  exti  eme  ease 
with  which  this  keto-acid  is  broken  down  by  alkaline  permanganate 
doubtless  accounts  for  the  fact  that  no  appreciable  amount  of  it  could 
be  isolated  from  the  products  nfforded  by  the  oxid  ition  of  chaulmoogric 
acid  with  this  reagent. 

By  the  addition  of  hydrogen  bromide  to  ethyl  chaulmoograte,  ethyl 
hromodihydrochaulmoograte  is  formed,  which  is  optically  active,  having 
[a]c  -t-3’88°.  When  the  latter  ester  is  reduced  with  zinc  dust  and 
acetic  acid  it  gives  ethyl  dihydrochaulmuograte,  CjyHgj’CO.^Et  (m.  p.  17°), 
which  is  optically  inactive.  It  would  therefore  appear  that  the 
asymmetry  of  the  chaulmoogric  acid  molecule  is  destroyed  when  the 
ethylenic  linking  is  resolved  by  the  addition  of  two  atoms  of  hydrogen. 
When  the  elements  of  hydrogen  bromide  are  split  off  from  ethyl  bromo- 
dihydrochaulmoograte  the  original  ester  is  not  i-egenerated,  but  a pro- 
duct is  obtained  which  has  a rotatory  power  of  about  -f7°30'  in  a 
1-dcm.  tube.  The  latter  ester,  on  hydrolysis,  afforded  a mixture  of 
acids,  from  which,  on  oxidation  with  permanganate,  a kelodicarhoxylic 
acid,  OjgHggOg  (m.  p.  126°),  was  obtained. 

A consideration  of  the  results  recorded  in  this  communication 
renders  it  evident  that  the  constitution  of  chaulmoogric  .add  cannot 
be  represented  by  any  single  formula.  In  the  first  place,  by  its  limited 
oxidation,  it  yields  two  dihydroxy-acids,  and,  furthermore,  when  more 
completely  oxidised,  two  series  of  products  are  obtained.  These  pro- 
ducts are,  on  the  one  hand,  a stable  tricarboxylic  acid,  CjgHggOg,  and, 
on  the  other,  formic  acid  and  a ketodicai  boxy  lie  acid, 
C02H*[CH2]2-C0-[CH2]i2'C02H, 

the  latter,  by  further  oxidation,  yielding  n-dodecane  and  n-undecane- 
dicarboxylic  acids. 
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The  formation  of  a tricarboxylic  acid,  CigH320g,  possessing  the  same 
number  of  carbon  atoms  as  chaulmoogric  acid,  shows  that  the  ethylenic 
linking  is  contained  in  the  ring,  and  not  in  an  allylic  grouping,  as  was 
previously  supposed. 

The  carbon  chain  •[CH2]]2*C02H  contained  in  the  keto-acid  must  be 
present  in  the  original  chaulmoogric  acid  molecule,  and  it  therefore 
follows  that  the  ring  contained  in  the  latter  can  consist  of  not  more 
than  five  carbon  atoms. 

As  chaulmoogric  acid,  from  the  nature  of  its  oxidation  products, 
cannot  be  a trimethylene  compound,  it  must  contain  either  a methyl- 
cycZobutene  or  a cyc^opentene  ring.  The  formation  of  the  tricarboxylic 
acid  would  then  be  explained  by  assigning  to  chaulmoogric  acid  one  of 
the  following  formulae  : 

(I)  CH<®“^CH[OHJ,,-CO,H 


(II)  9h=ch 
’ CH„-CH2 


>CH[0H2]i2-C02H. 


The  product  formed  by  the  addition  of  hydrogen  bromide  to  ethyl 
chaulmoograte  is,  as  stated  above,  optically  active,  but  on  reducing  this 
product  with  zinc  dust  and  acetic  acid  the  resulting  ethyl  dihydro- 
chaulmoograte  is  inactive.  It  is  inconceivable,  however,  that  racemisa- 
tion  could  be  effected  by  a simple  process  of  reduction  when  it  is  not 
brought  about  by  treatment  with  hydrogen  bromide  or  even  by  distil- 
ling the  resulting  product.  From  these  considerations  it  seems  highly 
probable  that  dihydrochaulmoogric  acid  no  longer  contains  an  asym- 
metric carbon  atom,  whereas  if  derived  from  formula  I it  would  con 
tain  two  such  carbon  atoms.  Moreover,  the  ketodicarboxylic  acid, 
CjyHgoOg,  if  derived  from  a methylcyc^obutene  compound,  would  have 
the  constitution  C02H*CHMe’C0[CH2]|o*C02H,  and  would  give  on 
oxidation  w-dodecanedicarboxylic  and  acetic  acids,  whereas  it  has  been 
shown  that  malonic  acid  is  formed  and  not  acetic  acid. 

From  these  considerations  it  follows  that  formula  II  may  correctly 
be  assigned  to  chaulmoogric  acid.  The  tricarboxylic  acid, 

CjgHgoOg, 

will  therefore  be  n-penladecane-aa!y -tricarboxylic  acid, 

C02H-[CH2]2*CH-(C02H)-[CH2]i2*C!02H, 
and  the  constitution  of  the  dihydroxydihydrochaulmoogric  acid,  which 
by  its  oxidation  yields  this  tricarboxylic  acid,  may  be  represented  by 
the  formula  : 


CH(OH)-CH(OH) 

CHo CH2 


>CH[CH2]i2-C02H. 


The  tricarboxylic  acid,  although  optically  inactive,  still  contains  an 
asymmetric  carbon  atom.  The  racemisation  probably  takes  place  in 
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the  hydroxyketo-acid,  and  may  be  attributed  to  keto-enolic  tauto- 
merism  occurring  in  the  following  manner  : 


CO 


(pH(0H)CH[CH.,]i2-C02H 

CH, 6h2 


C(OH) 


CH(OH)  C-[CH2li2-C02H. 
CHg — — CH2 


The  optically  inactive  hydroxyketo-acid  obtained  is  therefore  pro- 
bably represented  by  the  above  formula. 

The  formation  of  the  ketodicarboxylic  acid,  Cj^HgoOg,  remains  to  be 
considered.  That  it  cannot  have  been  formed  by  the  further  oxida- 
tion of  the  tricarboxylic  acid  is  shown  by  the  great  stability  of  this 
compound  towards  alkaline  permanganate  solution.  Moreover,  as  this 
keto-acid  is  the  only  acid  obtained  which  possesses  but  one  atom  of 
carbon  less  than  chaulmoogric  acid,  its  formation  is  probably  accom- 
panied by  the  production  of  the  formic  acid  which  occurs  amongst  the 
products  of  oxidation. 

The  formation  of  these  two  acids  from  the  formula  deduced  above 
for  chaulmoogric  acid  could  only  be  explained  in  the  following 
manner : 

CH 

CH  CH[CH2]i2*C02H 

CH2-CH2 


CH<2I^ 

/ |OH 

— > CH(OH) 

CH2-CH2*CH(0H)[CH2]i2-C02H 
HCO2H  -f-  C02H-[CH2]2-C0*[CH2]i./C02H. 

Experience  has  shown,  however,  that  in  every  instance  of  the  oxida- 
tion of  a compound  possessing  a ring  containing  a double  linking,  the 
ring  opens  at  that  point  alone,  so  that  this  explanation  must  be  con- 
sidered improbable. 

There  are  two  hypothetical  acids  from  which  the  above  mentioned 
keto-acid  and  formic  acid  could  have  been  formed  by  further  oxidation, 
namely,  those  possessing  the  following  formulae  : 

(I)  CH2(0H)-CH(0H)-[CH2]2-C0-[CH2]i2*C02H  and 

(II)  CH0-[CH2]2-C(0H)-[CH2]i2-C02H. 

CH2(0H) 

These  two  hypothetical  acids  could,  however,  not  be  produced  from 
an  acid  of  the  formula  deduced  above  for  chaulmoogric  acid.  If,  on  the 


CH(OH) 

CH(OH)  CII[CIl2],2-C02H 
CHg CHg 
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other  hand,  the  constitution  of  chaulmoogric  acid  were  to  be  represented 
by  the  formula : 

CH. 


CH, 


,-6h 


it  will  be  seen  that  the  formation  of  these  products  can  readily 
be  explained.  The  second  dihydroxydihydrochaulmoogric  acid 
will  then  have  the  following  structure, 

and  on  further  oxidation  could  yield  the  hypothetical  compounds  repre- 
sented above,  and,  consequently',  the  ketodicarboxylic  acid,  Cj^H^Og, 
and  formic  acid. 

The  ketodicarboxylic  acid,  C^gHgoOg,  obtained  by  the  oxidation  of 
the  acids  produced  by  removing  the  elements  of  hydrogen  bromide  from 
ethyl  bromodihydrochaulmoograte,  was  at  first  thought  to  have  been 
derived  from  the  c?/cfopentene  structure  deduced  for  chaulmoogric  acid, 
and  therefore  to  have  the  formula 

C02H-[CH2]3-C0-[CH„],2*C02H, 

which  would  give  succinic  acid  on  further  oxidation.  It  was  found, 
however,  that,  instead  of  succinic  acid,  oxalic,  formic,  and  acetic  acids 
were  formed,  and  from  these  facts  the  formula 

C02H-CH2-CHMe-C0[CH2]i2*C02H 
may  be  deduced.  This  acid  can  be  considered  to  liave  been  formed  by 
the  following  reactions  : 


CHo 


-1-HBr 


CH-C[CH2]i2*C02H 


CHo 


-HBr 


6ho-ch 


CHo 


-f30 


-> 


CH“CBr[CH2]i2C02H 

CH2-CH2 

CHg 

C02H*CH2*CH-C0[CH2]i2-C02H. 


CH-C[CH2l,2C02H 
CH2*Cfl 

Dihydrochaulmoogric  acid  may  therefore  be  considered  a mixtui’e 
of  a-carhoxy-n-dodecylcyc\opentane  and  \-a-carboxy-n-dodecyl-2-7nethyl- 
cycXobutane. 

From  the  foregoing  considerations  it  is  seen  that  the  behaviour  of 
chaulmoogric  acid  can  be  explained  by  assigning  to  it  both  the  follow- 
ing formula! : 

CH  CHo 

CH  CH[CH2],2-C02H 


CHo-CHo 


CH-C[CH2Ji2-C02H. 

CH2-CH2 


\•a^Carboxy-n-doclecyl-£^*-cyQi\opc'ntcne,  \-n-Carhoxy-n-dodecyl-\  : 4-bicyclo^ento7ic. 
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Chaulmoogric  acid  has,  however,  all  the  properties  of  an  individual 
substance.  It  has,  moreover,  been  obtained  from  the  seeds  of  three 
botanical ly  distinct  species  of  plants,  and  in  all  cases  it  possesses 
identical  properties.  In  addition  to  this,  a homologue  of  it,  hydnocarpic 
acid,  CjpHggOg,  has  been  isolated  (Trans.,  1905,  87,  888),  which  shows 
an  analogous  behaviour  on  oxidation,  and,  like  chaulmoogric  acid,  has 
all  the  characters  of  an  individual  substance.  For  these  reasons  it 
cannot  be  considered  possible  that  chaulmoogric  acid  is  a mixture 
of  stable  isomerides,  and  it  must  therefore  be  regarded  as  being  in 
a state  of  tautomerism  between  the  two  formula  represented  above,  or 
at  all  events  existing  in  such  a state  as  to  undergo  chemical  change  in 
accordance  with  both  these  formulas. 

This  conclusion  respecting  the  constitution  of  chaulmoogric  acid  may 
also  be  expressed  by  a formula  analogous  to  that  proposed  by  Thorpe 
for  glutaconic  acid  (Trans.,  1905,  87,  1669)  as  follows  : 


In  this  formula  the  dotted  lines  represent  a state  of  equilibrium 
between  the  hydrogen  atom  and  two  carbon  atoms. 

The  results  obtained  by  Sir  W.  H.  Perkin  for  the  molecular  magnetic 
rotation  of  ethyl  chaulmoograte,  as  previously  recorded  (Trans.,  1904, 
85,  851),  are  quite  in  harmony  with  the  above  conclusion.  The 
average  value  found  at  14°  (21‘02)  lies  between  that  calculated  for  the 
ester  if  it  possessed  the  pentene  structure  (21 'SI)  and  that  for  the 
bicyclic  structure  (19'51).  Sir  W.  H.  Perkin  has  now  kindly 
determined  the  rotation  of  ethyl  chaulmoograte  at  a higher  tempera- 
ture, when  for  a rise  of  68-6°  a diminution  of  0’231  in  the  molecular 
magnetic  rotation  was  observed,  but  as  a small  I’eduction'  with  rise  of 
temperature  is  usual  amongst  such  compounds  no  deduction  can  be 
drawn  from  this  observation. 

A determination  of  the  molecular  magnetic  rotation  of  chaulmoogric 
acid  at  84°  gave  a result  analogous  to  that  obtained  for  its  ethyl  ester, 
inasmuch  as  the  value  found  (19'031)  lies  between  the  numbei’s 
calculated  for  the  two  formulte  suggested  for  this  acid. 

Hydnocarpic  acid,  C,gH2802  (™-  P-  [“]n  +68°),  the  isolation  of 
which  has  previously  been  described  (Trans.,  1905,  87,  884),  is  a homo- 
logue of  chaulmoogric  acid,  and  is  associated  with  the  latter  in  the 
three  fatty  oils  from  which  it  has  been  obtained.  The  two  acids  are 
in  every  respect  similar  in  their  properties,  and  are  evidently  of  closely 
analogous  constitution. 

From  a consideration  of  the  constitutional  formulae  assigned  to 
chaulmoogric  acid  it  was  to  be  expected  that  hydnocarpic  acid  would 


CH 


CHg CHg 
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possess  essentially  the  same  structure,  the  only  difference  being  in  the 
length  of  the  side  chain.  This  proved  to  be  the  case,  for,  on  oxidation  in 
alkaline  solution  with  an  excess  of  potassium  permanganate,  hydno- 
carpic  acid  yielded  «-decanedicarboxylic  acid,  [GH2]jo*(COoH)2,  and  a 
tricarboxylic  acid,  CjgH2<,Og  (m.  p,  60°),  which  is  considered  to  be 
n-tridecane-aa'y-tricarhoxylic  acid, 

C02H-[CH2]2-CH(C02H)*[CH2]io-C02H. 

The  following  forraulm  may  therefore  be  ascribed  to  hydnocarpic 
acid  : 


CH 


. CH2 


CH  CH[GH2VC02H 

CH2-OH2 

1 -a-  Cai’boxy-n-decyl-A*- cyclopentene. 

These  may  be  expressed,  as 
formula,  as  follows : 


CH-C[CH2]io-C02H. 

CHg-CHg 


l-a-Carboxy-n-dccyl-l  : i-hieyclopentane. 


in  the  case  of  chaulmoogric  acid,  by  one 


CH 

CH-k^  C[CHo]io-C02H. 
CH2 CH2  “ 


Experimental. 

I,  Cha/ulmoogric  Acid,  C^gHg202. 

The  chaulmoogric  acid  employed  in  this  investigation  was  prepared 
from  genuine  chaulmoogra  oil  (from  the  seeds  of  Tarahtogenos  Kurzii, 
King).  The  oil  was  hydrolysed  with  alcoholic  potash,  the  acids 
liberated,  fractionally  crystallised  from  alcohol,  and  the  chaulmoogric 
acid  finally  purified  by  distillation  under  diminished  pressure  and 
recrystallisation  from  alcohol  (compare  Trans.,  1904,  85,  846).  It  was 
then  obtained  in  colourless,  glistening  leaflets,  and,  when  freshly  dis- 
tilled, melted  at  68‘5°,  and  had  [aj^  4-62'l°  in  chloroform  solution. 
Mter  keeping  for  some  time  the  optical  rotatory  power  of  the  acid 
becomes  somewhat  diminished  and  it  acquires  a slightly  yellow  colour. 
If  it  be  then  again  distilled,  a dark  brown  substance  is  left  in  the  dis- 
tilling flask,  which  is  probably  formed  by  polymerisation. 

Oxidation  of  ChavXmoogric  Acid  in  Alkaline  Solution  with  Potassium 
Permanganate  (0  « 2 — 3 Atomic  Equivalents). — One  hundred  grams  of 
chaulmoogric  acid  were  dissolved  in  a solution  of  50  grams  of  potassium 
hydroxide  in  5 litres  of  water,  and  to  this  were  added  5 litres  of  a 2 per 
cent,  solution  of  permanganate,  the  temperature  being  kept  between 
16°  and  20°.  The  whole  of  the  permanganate  was  instantly  reduced. 
After  filtering,  the  liquid  was  made  nearly  neutral  with  sulphuric  acid, 
and  concentrated  to  a small  bulk.  The  acids  were  then  liberated,  and 
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steam  passed  through  the  liquid  in  order  to  remove  any  volatile  acid. 
The  distillate  was  found  to  contain  a small  amount  of  formic  acid, 
which  was  identified  by  the  usual  tests  and  by  the  analysis  of  its 
barium  salt : 

0-3002  gave  0-3060  BaSO^.  Ba  = 60-0. 

(CO.^H)2Ba  requires  Ba=  60-4  per  cent. 

This  acid  was  evidently  produced  by  the  fuither  oxidation  of  one  of 
the  dihydroxy dihydrochaulmoogric  acids  subsequently  de.scribed. 

The  non-volatile  acids  remaining  in  the  distilling  flask  were  extracted, 
and  converted  into  their  methyl  esters  by  treatment  with  methyl 
alcohol  and  sulphuric  acid.  The  product  was  then  distilled  under 
a pressure  of  16  mm.,  when  the  following  fractions  were  collected  : 
200—220°-;  220—245°;  245—260°;  260—275°;  275— 290°/16  mm. 
There  then  remained  in  the  flask  a quantity  (22  grams)  of  an 
undistillable  oil,  which  apparently  consisted  of  condensation  products. 

Fraction  — 220°/16  mm. — This  was  analysed  with  the  following 

result : 

0-1030  gave  0-2519  GO^  and  0-0964  H2O.  C = 66-7  ; H = 10-4. 
^i6®^30®4  requires  C = 67'l;  H=10-5  per  cent. 

It  evidently  consisted  chiefly  of  the  methyl  ester  of  ?i-dodecanedi- 
carboxylic  acid,  C^gHgoO^,  which  was  obtained  in  larger  quantity  by  the 
oxidation  of  chaulmoogric  acid  with  an  excess  of  permanganate,  and  its 
identity  established. 

Fractions  220 — 245°  and  245 — 260°/16  mm. — These  were  small  in 
amount,  and  were  found  to  consist  of  mixtures  of  the  constituents  of 
the  fractions  of  lower  and  higher  boiling  point. 


Isolation  of  Two  Dihydroxydihydrochaulmooqric  Acids, 
C„H„(OH),-CO,H. 

Fraction  260 — 275°/16  mm. — This  was  the  largest  fraction  obtained. 
On  cooling,  it  deposited  a considerable  quantity  of  a solid  substance, 
which  was  brought  on  a porous  plate  to  remove  adhering  oil,  after 
which  it  melted  at  60 — 68°  : 

0-0933  gave  0-2366  CO2  and  0-0910  HgO.  0 = 69  2;  H=10-8. 

CjgHggO^  requires  0 = 69-5  ; H = ll-0  per  cent. 

This  substance  agreed  in  composition  with  a methyl  ester  of  di- 
hydroxydihydrochaulmoogric  acid.  After  several  crystallisations  from 
methyl  alcohol  it  yielded  an  ester  crystallising  in  long,  glistening 
needles,  which  melted  at  75 — 76°,  and  this  melting  point  was  not 
changed  by  further  crystallisation  : 

0-1056  gave  0-2669  OO2  and  0-1045  H2O.  0 = 68-9;  H = ll-0. 

0i7Hgi(0H)2*002Me  requires  0 = 69-5  ; H = 11-0  per  cent. 
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0'3360  gram  in  100  c.c.  of  chloroform  gave  ap  +0°5'  in  a 2-dcm. 
tube,  whence  [aju  + 12’4°. 

The  ester  was  hydrolysed  and  the  acid  extracted  and  crystallised 
from  ethyl  acetate,  in  which  it  was  readily  soluble.  It  separated  in 
clusters  of  small,  silky  needles,  melting  at  105°: 

0-0944  gave  0-2368  COg  and  0-0922  HgO.  C = 68-4  ; H = 10-8. 

CjsHg^O^  requires  C = 68-8  ; H=  10-8  per  cent. 

0-5008  gram  in  100  c.c.  of  alsolute  alcohol  gave  ao  +0°7'  in  a 
2-dcm.  tube,  whence  [ajn  -fll-6°. 

This  acid  is  thus  shown  to  be  a dihydroxydihydrochaulmoogric  acid, 
and  was  found  to  be  identical  with  the  acid  of  the  same  composition 
described  in  the  previous  communication,  the  melting  point  of  which 
was  given  as  102°  (Trans.,  1904,  85,  860). 

The  mother  liquors  from  the  crystallisation  of  the  ester  melting  at 
75 — 76°  were  found  to  be  Isevorotatory,  and  from  them  an  ester  was 
isolated  which,  after  several  crystallisations,  melted  at  68 — 69°.  This 
ester  crystallised  in  silky  needles,  and  was  much  more  soluble  in 
methyl  alcohol  than  the  one  of  higher  melting  point  which  was  pre- 
viously isolated  : 

0-8420  gram  in  100  c.c.  of  chloroform  gave  an  -0°16'  in  a 2-dcm. 
tube,  whence  [a]o  - 15-8°. 

On  hydrolysing  this  ester  an  acid  was  obtained  which,  after  two 
crystallisations  from  ethyl  acetate,  melted  at  92 — 93°  : 

0-1004  gave  0-2520  COg  and  0-0986  HgO.  0 = 68-5;  H=10-9. 

CigH3202(0H)2  requires  0 = 68-8  ; H=  10-8  per  cent. 

0-2936  gram  in  25  c.c.  of  absolute  alcohol  gave  oj,  - 0°20'  in  a 
2-dcm.  tube,  whence  [aju  -14-2°. 

This  acid  is  therefore  an  isomeride  of  that  melting  at  105°,  but  it  is 
much  more  sparingly  soluble  in  ethyl  acetate  than  the  latter.  Both 
these  acids  yield  sodium  salts  which  are  only  sparingly  soluble  in  cold 
water. 

Fraction  275 — 290°/l6  mm. — This  evidently  also  contained  some  of 
the  two  dihydi'oxydihydrochaulmoogric  acids  which  were  isolated  from 
the  preceding  fraction. 

Oxidation  of  Chaulmoogric  Acid  in  Alkaline  Solution  with  Potassium 
Permanganate  (0  = 4 Atomic  Equivalents). — One  hundred  grams  of 
chaulmoogric  acid  were  dissolved  in  the  same  amount  of  solution  of 
potassium  hydroxide  as  in  the  preceding  experiment,  and  to  this  was 
added  a solution  of  150  grams  of  potassium  permanganate  in  8 litres 
of  water,  the  tempei-ature  of  the  mixture  being  kept  at  15 — 18°.  The 
acids  were  extracted,  converted  into  their  methyl  esters,  and  frac- 
tionally distilled  under  a pressure  of  15  mm.  Several  fractions  were 
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collected,  of  which  those  boiling  at  265 — 275°  and  275 — 285°/15  mm. 
solidified  on  cooling. 

Isolation  of  a Hydroxyketodihydrocluijulmoog'nc  Acid, 
Gi7H3oO(OH)-C02H. 

Fraction  265 — 275°/15  mm. — This  was  the  larger  of  the  two 
fractions,  and  on  analysis  it  gave  the  following  result : 

0-0961  gave  0-2410  COg  and  0-0882  HgO.  0 = 68-4;  H=  10-2  per  cent. 

After  being  brought  on  a porous  plate  to  remove  adhering  oil,  the 
solid  ester  was  crystallised  several  times  from  methyl  alcohol,  when  it 
separated  in  needles  melting  at  64°,  and  this  melting  point  was  not 
altered  by  further  crystallisation  : 

0-1051  gave  0-2697  COg  and  0-0986  H2O.  C = 70-0  ; H = 10-4. 

0-1003  „ 0-2577  CO2  „ 0-0940  HgO.  0 = 70-1 ; H = 10-4. 

OjgHg^O^  requires  0 = 69-9  ; H=  10-4  per  cent. 

The  solid  which  separated'  from  the  fraction  275 — 285°/15  mm. 
likewise  consisted  of  the  above-described  ester. 

The  ester  was  hydrolysed,  and  the  acid  extracted  and  crystallised 
from  alcohol,  from  which  it  separated  in  needles  melting  at  90°.  It 
was  very  soluble  in  cold  ethyl  acetate,  but  less  freely  in  alcohol  : 

0-1162  gave  0-2946  OO2  and  0-1060  H2O.  0 = 69-1  ; H=10-l. 

0-1013  „ 0-2573  OO2  „ 0 0920  H2O.  0 = 69-3  ; H = 10-1. 

0-0984  „ 0-2477  OO2  „ 0-0913  H2O.  0 = 68-8  ; H=  10-3.  ' 

^18^32^4  requires  0 = 69-2  ; H = 10-3  per  cent. 

OjvHggO,  „ 0 = 68-4;  H = 10-1  „ 

From  these  results  it  is  evident  that  the  acid  has  the  formula 
^18^32^4*  Both  acid  and  ester  were  optically  inactive. 

The  methyl  ester,  when  treated  with  semicarbazide  hydrochloride 
and  sodium  acetate,  yielded  a semicarbazone  which  crystallised  from 
alcohol  in  small  needles  melting  at  110°.  This  shows  the  ester  to  be 
that  of  a hydroxyketodihydrochaulmoogric  acid. 

0-5108  of  the  ester  required  for  hydrolysis  6-4  c.c.  Nj2  NaOH, 
the  calculated  amount  for  0iQH2g02(002Me)  being  3-1  c.c. 

The  fact  that  this  substance,  although  the  ester  of  a monocarboxylic 
acid,  when  heated  with  an  excess  of  alkali  neutralises  two  equi- 
valents of  the  latter,  is  probably  due  to  hydrolysis  of  the  grouping 
•0H(0H)-00*  in  the  ring,  with  the  formation  of  a dibasic  hydroxy- 
^i8^3405>  tfis  latter  then  apparently  loses  water,  yielding  a 
lactonic  acid,  OjgHggO^.  This  assumption  receives  support  from  the 
fact  that  no  semicarbazone  could  be  obtained  from  the  acid  furnished 
by  the  hydrolysis  of  the  ester,  and,  on  re-esterifying  the  acid,  instead 
of  the  original  ester,  a fatty  substance  was  obtained.  The  amount  of 
material  available  was  insufficient  for  its  further  investigation. 
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Oxidation  of  Chaulmoogric  Add  in  Alkaline  Solution  with  an  Excess 
of  Potassium  Permatiganate. — One  hundi-ed  grams  of  chaulmoogric 
acid  were  dissolved  in  an  aqueous  solution  of  50  grams  of  potassium 
hydroxide,  and  the  opalescent  liquid  diluted  with  water  to  the  measure 
of  5 litres.  This  was  allowed  to  flow  slowly,  with  constant  stirring, 
into  1 1 litres  of  a 3 per  cent,  solution  of  potassium  permanganate, 
the  temperature  being  kept  below  20°  by  the  addition  of  ice.  After 
standing  for  some  hours,  the  excess  of  permanganate  was  removed  by 
sodium  bisulphite.  The  liquid  was  then  heated,  filtered,  the  filtrate 
concentrated,  acidified  with  sulphuric  acid,  and  distilled  with  steam. 
The  distillate  contained  an  acid  which  was  converted  into  its  barium 
salt,  and  from  this  a silver  salt  was  prepared  and  analysed  : 

0’3024  gave  0‘1960  Ag.  Ag  = 64’8. 

CjHgOgAg  requires  Ag  = 64'7  per  cent. 

The  volatile  product  was  thus  identified  as  acetic  acid.  From  the 
results  of  an  experiment  subsequently  de.scribed,  this  appears  to  have 
been  produced  by  the  decomposition  of  malonic  acid,  and  not  to  have 
been  a direct  product  of  oxidation. 

The  non-volatile  acids  were  then  extracted  and  converted  into  their 
methyl  estei’s.  On  distilling  the  product  under  15  mm.  pressure  the 
following  fractions  were  obtained  : below  220°  (45  grams) ; 220 — 260° 
(8  grams) ; 260 — 270°  (55  grams) ; 270 — 280°/15  mm.  (5  grams). 
These  fractions  were  all  optically  inactive,  and  were  subsequently 
examined  as  follows. 


Isolation  of  -a.- Undecane  and  n-Dodecane  Dicarhoxylic  Acids. 

Fraction  boiling  below  220°/15  mm. — This  was  fractionally  distilled 
under  15  mm.  pressure,  when  it  was  further  resolved  into  the  following 
fractions:  {a)  below  200°  (5  grams);  (6)  200—205  (13  grams); 
(c)  205—210°  (3  grams);  {d)  210— 215°/15  mm.  (13  grams). 

Fraction  (c)  and  (d),  on  standing,  deposited  a crystalline  substance, 
which  was  collected  and  crystallised  from  methyl  alcohol.  It  then 
separated  in  clusters  of  needles  melting  at  41° : 

0-1335  gave  0-3272  COg  and  0-1256  R^O.  C = 66-8  ; H = 10-5. 

0-1279  „ 0-3132  COg  „ 0-1204  HgO.  C = 66-8 ; H = 10-5. 

CjgHggO^  requires  C = 671 ; H=  10-5  per  cent. 

0 6876  required  for  hydrolysis  9-5  c.c.  N/2  NaOH,  the  calculated 
amount  for  0^2^24(0021^.0)2  being  9-6  c.c. 

By  the  hydrolysis  of  this  ester  an  acid  somewhat  sparingly  soluble 
in  ether  was  obtained.  It  was  crystallised  from  ethyl  acetate,  frpm 
which  it  separated  in  small,  glistening  leaflets  melting  sharply  at  124°  : 
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0't)935  gave  0'2234  COg  and  0‘0859  HgO.  C = 65‘2;  H = 10*2. 

0-1208  „ 0-2879  CO2  and  0-1098  HgO.  0 = 65-0;  H = 10-1. 

requires  C = 65-1  ; H = 10-1  per  cent. 

This  substance  agrees  in  composition  and  melting  point  with 
n-dodecanedicarboxylic  acid,  [CH2]i2(C'0.2H)2,  obtained  by  Brown  and 
Walker  by  the  electrolysis  of  potassium  ethyl  suberate  {Annalen, 
1891,  261,  123).  In  order  to  confirm  its  identity  with  the  above- 
mentioned  acid,  its  diethyl  ester  was  prepared.  This  was  found  to 
have  the  same  melting  point  (28°)  as  a specimen  of  the  synthetic  ester 
which  was  kindly  supplied  to  us  by  Professor  A.  Crum  Brown,  and  a 
mixture  of  the  two  esters  showed  no  diminution  in  melting  point.  A 
mixture  of  the  two  acids  likewise  melted  at  the  same  temperature 
(124°)  at  which  each  separately  fused. 

The  fraction  (6),  b.  p.  200 — 205°/ 15  mm.,  deposited  no  solid  ester, 
even  on  long  standing.  It  was  therefore  hydrolysed  and  the  acids 
extracted.  These  melted  indefinitely  at  93 — 105°,  but  after  several 
crystallisations  from  ethyl  acetate  an  acid  was  obtained  which 
separated  in  small,  glistening  needles,  melting  at  112°,  and  this 
melting  point  was  not  changed  by  further  crystallisation  : 

0-1093  gave  0-2553  CO2  and  0-095‘6  H2O.  0 = 63-7;  H = 9 7. 
0-1158  „ 0-2700  CO2  „ 0-1029  H2O.  0 = 63-6  ; H = 9 9. 

0,3112404  requires  0 = 63 -9;  H = 9-8  per  cent. 

This  substance  agx-ees  in  composition  and  melting  point  with  the 
brassylic  acid,  0,3112404  [regarded  as  «-undecanedicarboxylic  acid, 
[CH2]  11(00211)2],  obtained  by  Grossmann  by  the  oxidation  of  behenolic 
acid,  and  is  undoubtedly  identical  with  it  {Ber.,  1893,  26,  645). 

From  the  fraction  of  esters  (a),  boiling  below  200°/15  mm.,  of 
which  after  several  oxidations  further  quantities  were  accumulated, 
adipic,  ?i-pimelic,  and  suberic  acids  were  isolated,  whilst  higher 
members  of  the  same  series  were  also  found  to  be  present.  It  was 
ascertained,  however,  by  some  other  experiments  that  these  acids 
were  produced  by  the  long  continued  action  of  permanganate  on  the 
above-mentioned  w-undecane-  and  xi-dodecane-dicarboxylic  acids. 

Fraction  220 — 260°/15  mm. — This  was  small  in  amount  (8  grams), 
and  consisted  of  a mixture  of  the  constituents  of  the  fraction 
boiling  below  220°/15  mm.  and  those  of  the  fraction  of  higher  boiling 
point. 

Isolation  oj  a Tricarboxylic  Acid,  CigHggOg  {n-Pentadecane-aa'y-tri- 

carboxylic  Acid). 

Fraction  260 — 270°/15  mm. — This  fraction,  which  was  the  largest 
obtained,  crystallised  and  became  almost  completely  solid  on  standing. 
It  was  drained  on  a porous  plate,  to  remove  a small  quantity  of 
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adhering  oil,  and  then  dissolved  in  warm  methyl  alcohol,  from  which, 
on  cooling,  it  separated  in  beautiful  clusters  of  needles,  melting  at 
38 ’5°.  On  further  crystallisation  the  melting  point  remained  unchanged. 
It  distilled  at  260°/15  mm. : 

0-1355  gave  0-3232  COg  and  0-1204  HgO.  0 = 65-0;  H = 9-9. 

0-1278  „ 0-3046  002  „ 0-1153  HgO.  0 = 65-0 ; H = 10-0. 

0-1064  „ 0-2542  OOg  „ 0-0936  HgO.  0 = 65-1 ; H = 9-8. 

O^^HggO^  requires  0 = 65-1  ; H=10-l  per  cent. 

Oi^HgoOg  „ 0 = 65-0;  H = 9-6 

02iH3g0g  „ 0 = 65-3;  H = 9-8 

2-3979  required  for  hydrolysis  36-4  c.c.  i\^2  NaOH.  The  calculated 
amount  for  both  OjQH2o(OOoMe)2  and  0jgH29(002Me)3  is  37-2  c.c., 
whereas  0jgH240(002Me)2  would  require  only  30-5  c.c. 

The  ester  was  hydrolysed  and  the  acid  extracted  with  ether.  After 
removing  the  solvent  an  oil  was  obtained  which  solidified  to  an 
amorphous,  fatty  looking  mass,  melting  at  61 — 63°;  and  difficulty  was 
experienced  in  obtaining  it  crystalline.  When,  however,  a portion  was 
kept  at  62°  for  some  time  it  slowly  solidified,  and  was  seen  to  consist 
of  small,  slender  needles.  The  main  portion  was  then  dissolved  in 
an  equal  quantity  of  ethyl  acetate,  and  the  solution  inoculated  with 
the  above-mentioned  crystals,  when  the  acid  separated  in  hard  aggre- 
gates of  microscopic  needles,  which  melted  sharply  at  68°.  It  was 
optically  inactive  : 

0-1086  gave  0-2501  CO2  and  0-0912  HgO.  0 = 62-8;  H = 9-3. 

0-1144  „ 0-2630  002  „ 0-0967  HgO.  0 = 62-7 ; H = 9-4. 

0-1229  „ 0-2816  OO2  „ 0-1032  H2O.  0 = 62-5  ; H = 9-3. 

OJ2H22O4  requires  0 = 62-6  ; H = 9-6  per  cent. 

^i8®^32^6  >>  0 = 62-8;  H=9-3  ,, 

Of  these  two  formulae  the  sfcond  seemed  improbable,  on  account  of 
the  inference  previously  diawn  from  the  magnetic  rotation  of 
chaulmoogric  acid  that  it  possessed  an  ally  lie  grouping  (Trans.,  1904, 
85,  855).  On  the  other  hand,  the  boiling  point  of  the  ester  was  much 
higher  than  would  be  expected  had  the  acid  the  formula  0^332304.  In 
order,  therefore,  to  decide  respecting  the  formula  of  the  acid,  molecular 
weight  determinations  were  made  of  it  and  of  its  methyl  and  ethyl 
esters,  and  the  propyl  ester  was  also  prepared  and  analysed  : 

0-9756  of  the  acid  in  100  phenol  gave  Af  - 0*21°.  M.W.  = 343. 

0-9902  „ ,,  100  benzene  ,,  A<-0-15°.  M.W.  = 323. 

CigHggOg  requires  M.W.  = 344. 

Methyl  Ester. — 3-283  in  100  benzene  gave  - 0-41°.  M.W-  = 392. 

C,4H2g04  = 258;  C2iHgsOg  = 386. 

Ethyl  Ester. — This  was  obtained  as  a colourless  oil,  which  distilled  at 
2 75°/ 15  mm.  : 
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0-1151  gave  0-2835  COg  and  0-1065  H^O.  C = 67-2;  H=10-3. 

0- 0955  „ 0-2358  CO2  „ 0-0886  HgO.  C = 67-3  ; H = 10-3. 

1- 3341  in  100  benzene  gave  A<-0-15°.  M.W.  = 436. 

CifiHgoO^  requires  0 = 67-1  ; H=  10-5  per  cent.  M.W.  = 286. 

C24H4A  „ C = 67-3;  H=10-3  „ M.W.  = 428. 

Fropyl  Ester. — This  was  obtained  as  a viscid,  colourless  oil,  which 
boiled  at  302°/24  mm.  : 

0-1159  gave  0-2916  CO2  and  0-1108  HgO.  0 = 68-6;  H=10-6. 
0-1331  „ 0-3360  CO2  „ 0-1278  HgO.  0 = 688;  H = 10-7. 

0jgHg^04  requires  0 = 68-8  ; H=  10-8  per  cent. 

C27H50O6  „ 0 = 68-9;  H=10-6  „ 

From  these  results  it  is  evident  that  the  fraction  boiling  at 
260 — 270°/15  mm.  consists  essentially  of  the  trimethyl  ester  of  a 
tricarboxylic  acid  having  the  formula  O^gHggOg,  and,  from  considera- 
tions which  are  discussed  in  the  introductory  portion  of  this  paper,  it 
is  seen  that  this  acid  is  n-pentadecane-aa'y-tricarhoxylic  acid. 

7i-Pentadecane-aa'y-tricarboxylic  acid  is  very  soluble  in  alcohol, 
ether,  chloroform,  or  ethyl  acetate,  moderately  so  in  benzene,  and 
insoluble  in  water.  It  is  an  exceedingly  stable  substance.  When 
heated  with  concentrated  nitric  acid  it  dissolved,  but  separated 
unchanged  on  cooling.  When  wax-med  with  an  alkaline  solution  of 
permanganate  it  was  only  very  slowly  attacked  at  temperatui-es 
below  70°.  When,  however,  it  was  treated  at  this  temperature  with 
an  excess  of  permanganate,  it  yielded  succinic  acid.  Attempts  were 
made  to  obtain  a hydroxy-acid  or  lactone  by  oxidising  with  limited 
quantities  of  permanganate,  but  most  of  the  acid  was  recovered 
unchanged.  It  is  unattacked  by  a chromic  acid  mixtui-e,  a fact  which 
is  probably  due  to  the  insolubility  of  the  organic  acid  in  water.  When 
treated  with  chromic  acid  in  acetic  acid  solution,  the  greater  portion 
was  recovered  unchanged,  and  no  other  definite  pi-oduct  could  be 
isolated.  An  attempt  was  also  made  to  obtain  from  the  acid  an 
unsaturated  compound.  For  this  purpose  it  was  brominated  by  the 
Volhard  method,  and  the  elements  of  hydrogen  bromide  subsequently 
eliminated,  but  the  results  were  of  a negative  character. 

Fraction  270 — 280°/15  mm. — This  was  small  in  amount,  and 
consisted  to  a large  extent  of  the  ester  of  the  above-mentioned 
tricarboxylic  acid. 

For  the  more  complete  examination  of  the  lower  acids  formed  by  the 
oxidation  of  chaulmoogric  acid,  another  portion  was  treated  in  alkali 
solution  with  permanganate,  as  previously  described.  After  removing 
the  excess  of  permanganate,  and  filtei-ing,  the  liquid  was  made  neuti-al 
with  sulphuric  acid  and  evapoi-ated  to  dryness.  The  mixture  of 
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potassium  salts  thus  obtained  was  powdered,  thoroughly  dried, 
suspended  in  absolute  alcohol,  and  the  acids  esterified  by  passing  dry 
hydrogen  chloride  through  the  boiling  liquid  for  four  hours.  The 
mixture  was  then  poured  into  water,  the  esters  extracted  with  ether, 
and  the  ethereal  solution  washed  with  sodium  carbonate  and  dried 
over  sodium  sulphate.  After  removing  the  ether,  a quantity  of 
alcohol  distilled  over,  and,  as  this  would  contain  the  ester  of  any 
acetic  acid  produced  by  the  oxidation,  solid  potash  was  added  to  it 
and  the  alcohol  removed.  The  residue  was  then  dissolved  in  water, 
the  liquid  acidified  with  sulphuric  acid,  and  distilled  with  steam, 
but  the  distillate  contained  no  acid.  The  ethyl  esters,  obtained  as 
above  described,  were  distilled  under  30  mm.  pressure,  and  the  fraction 
boiling  below  190°/30  mm.,  which  was  small  in  amount,  fractionated 
under  the  ordinary  pressure.  Fractions  were  collected  at  180 — 190°  3 
190—200;  200—210°,  and  210— 220°. 

Fraction  180 — 190°. — A portion  of  this  was  shaken  with  concen- 
trated aqueous  ammonia,  when  an  amide  was  formed  which,  when 
heated,  decomposed  without  melting.  The  remainder  of  the  fraction 
was  hydrolysed  in  order  to  obtain  the  acid,  which  was  identified  as 
oxalic  acid  by  its  melting  point  and  that  of  its  methyl  ester. 

Fraction  190 — 200°. — This  was  analysed  with  the  following  result : 

0T213  gave  0-2321  CO^  and  0-0808  HgO.  C = 52-2  ; H = 7-4. 

0H2(C02Et)2  requires  0 = 52  5 ; H = 7-5  per  cent. 

By  the  hydrolysis  of  this  ester  an  acid  was  obtained  which  melted 
somewhat  indefinitely  at  124 — 129°  with  effervescence,  and,  when  more 
strongly  heated,  developed  a distinct  odour  of  acetic  acid.  This  pro- 
duct of  oxidation  was  therefore  identified  as  malonic  acid,  and  is, 
without  doubt,  the  source  of  the  acetic  acid  previously  obtained. 

Fractions  209 — 210°  anrf  210 — 320°. — These  were  small  in  amount. 
The  latter  fraction  was  examined  for  the  presence  of  succinic  acid,  but 
with  a negative  result. 

Oxidation  of  Chaulmxoogric  Acid  in  Acetic  Acid  Solution  with 
Potassium  Permanganate — To  a solution  of  potassium  permanganate 
(200  grams)  in  90  per  cent,  acetic  acid  (1500  c.c.)  was  added  an  acetic 
acid  solution  of  chaulmoogric  acid  (50  grams),  the  temperature  being 
kept  below  25°.  After  standing  for  some  hours,  the  excess  of  perman- 
ganate and  the  manganese  dioxide  were  reduced  with  sulphur  dioxide, 
the  white  precipitate  of  manganese  salts  removed  by  filtration,  and  the 
filtrate  evaporated  under  slightly  reduced  pressure.  The  salts  thus 
obtained  were  then  decomposed  with  sulphuric  acid,  and  the  acids 
extracted  and  converted  into  their  methyl  esters.  On  distilling  these 
under  15  mm.  pressure  the  following  fractions  were  obtained  : 
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200 — 220°;  220 — 255°;  255—260°;  260 — 270°/15  mm.  The  first, 
third,  and  fourth  of  these  fractions  soliditied  on  standing. 

Fraction  200 — 220°/ 15  mm. — On  analysis  this  gave  the  following 
result : 

0-1301  gave  0-3185  COg  and  0-1223  H2O.  0 = 66-8;  H = 10-5. 
^i6^i?o^4  requires  0 = 67-1  ; H = 10-5  per  cent. 

This  fraction  evidently  consisted  of  methyl  n-dodecanedicarb- 
oxylate. 

Fraction  220 — 265°/15  mm. — This  was  small  in  amount,  and  con- 
sisted of  a mixture  of  the  constituents  of  the  preceding  and  succeeding 
fractions. 


IsolcUion  of  a Ketodicarhoxylic  acid,  O^^HgoOg  {y-Keto-n-penta-decane- 

ad-dicarhoxylic  Acid). 

Fraction  255 — 260°  mm. — The  crystalline  solid  which  separated  from 
this  fraction  was  recrystallised  from  methyl  alcohol,  and  was  thus 
obtained  in  handsome  plates,  which  melted  sharply  at  66°.  On  analysis  : 

0-1202  gave  0-2930  OO2  and  0-1074  HgO.  0 = 66-5;  H = 9-9. 

requires  0 = 66-7  ; H = 9-9  per  cent. 

By  the  hydrolysis  of  this  ester  an  acid  was  obtained  which  was  very 
sparingly  soluble  in  ether.  It  was  dried  and  crystallised  from  ethyl 
acetate,  from  which  it  separated  in  clusters  of  needles,  melting  at  128°. 
This  acid  was  found  to  be  identical  with  that  of  the  same  formula, 
OjyHggOg,  and  melting  point  described  in  the  previous  communication 
(Trans.,  1904,  85,  861).  That  it  is  a ketonic  acid  is  shown  by  the 
following  experiment. 

One  gram  of  the  acid  was  dissolved  in  a dilute  solution  of  potassium 
hydroxide,  and  to  this  was  added  a solution  of  0-8  gram  of  hydroxyl- 
amine  hydrochloride.  The  mixture  was  warmed  for  ten  minutes, 
allowed  to  stand  overnight,  and  then  slightly  acidified  with  sulphuric 
acid,  when  a substance  separated  which  was  soluble  in  an  excess  of 
acid.  This  was  extracted  with  ether  and  crystallised  from  ethyl 
acetate,  when  it  separated  in  small  needles,  melting  at  83 — 84°  : 

0-1076  gave  0-2444  COg  and  0-0920  HgO.  C = 61-9;  H = 9-5. 

Cj^Hg^OgN  requires  0 = 62-0;  H = 9 4 per  cent. 

Oxidation  of  the  Ketonic  Acid,  C^^H28C0(C02H)2. — This  acid  was 
found  to  be  very  stable  towards  permanganate  in  the  absence  of  alkali, 
but  to  undergo  oxidation  readily  in  alkaline  solution. 

About  6 grams  of  the  acid  were  dissolved  in  an  aqueous  solution  of 
potassium  hydroxide  (5  grams),  and  mixed  with  an  amount  of  perman- 
ganate solution  equivalent  to  three  atomic  proportions  of  oxygen 
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(6  grams  KMnO^).  Oxidation  rapidly  ensued  with  the  development  of 
heat,  all  the  permanganate  added  being  reduced.  The  acids  were  then 
extracted,  converted  into  their  methyl  esters,  and  the  latter  distilled, 
when  practically  all  passed  over  between  200  and  210°/15  mm.  This 
fraction  was  analysed  : 

0-1396  gave  0-3394  CO^  and  0-1316  HgO.  C = 66-3  ; H = 10-5. 

C]r,H2gO^  requires  0 = 66-2  ; H = 10-3  per  cent. 

CieHgoO,  „ 0 = 67-1;  H=  10-5  „ 

On  standing,  this  fraction  deposited  a solid  ester,  which  was  collected 
and  hydrolysed.  The  acid  thus  obtained,  after  several  crystallisations, 
melted  at  124°,  and  was  identical  with  ?i-dodecanedicarboxylic  acid, 
[0H2]i2(002H)2,  which  had  previously  been  separated  from  the  pro- 
ducts of  the  direct  oxidation  of  chaulmoogric  acid.  It  was  evident, 
however,  from  the  analysis  of  the  above  fi-action,  that  it  also  contained 
the  ester  of  ^i-undecanedicarboxylic  acid. 

Fraction  260 — 270°/15  mm. — This  was  spread  on  a porous  plate  to 
remove  a little  adhering  oil,  and  then  crystallised  from  methyl  alcohol. 
A further  quantity  of  the  ester  of  the  ketonicacid,  melting  at  66°,  was 
separated  from  it,  but  the  greater  portion  melted  at  38°,  and  this  was 
analysed  : 

0-1167  gave  0-2790  CO2  and  0-1033  H2O.  0 = 65-2;  H = 9-8. 

^21^38^6  J^equires  C = 65-3  ; H = 9-8  per  cent. 

This  ester  thus  agreed  in  composition  and  melting  point  with  the 
methyl  ?t-pentadecane-aa'y-tricarboxylate  previously  obtained,  and  a 
mixture  of  the  two  showed  no  diminution  in  melting  point. 

Action  of  Hydrogen  Bromide  on  Ethyl  Chaulmoograte. 

One  hundred  grams  of  ethyl  chaulmoograte  were  dissolved  in  500  c.c. 
of  light  petroleum  (b.  p.  40 — 50°),  and  the  solution,  kept  cool  by 
means  of  ice,  was  saturated  with  dry  hydrogen  bromide.  After 
remaining  overnight,  the  solvent  was  removed  by  aspirating  a current 
of  dry  air  through  the  liquid  under  diminished  pressure.  The  ethyl 
hroinodihydrochaulmoograte  thus  obtained  was  a heavy,  pale  yellow 
liquid,  having  an  agreeable  odour.  In  moist  air  it  slowly  decomposed, 
evolving  hydrogen  bromide  and  becoming  black.  For  the  purpose  of 
analysis  a portion  was  repeatedly  exposed  to  a gentle  heat,  and  then 
placed  in  a vacuum  desiccator  containing  paraffin  wax  and  caustic 
potash. 

0-1047  gave  0-2367  CO^  and  0-0892  HgO.  C=6l-7;  H = 9-5. 

CjgHgYOgBr  requii’es  C = 61-7  ; H = 9-5  per  cent. 

cf20°/20°=  1-0778. 
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2 ’8994  grams  in  25  c.c.  of  chloroform  gave  oo  +0°54'ina  2-dcm. 
tube,  whence  [a]n  +3'88°. 

The  same  optical  value  was  obtained  from  several  different  prepara- 
tions, and  it  was  not  altered  by  their  further  treatment  with  hydrogen 
bromide. 

Reduction  of  Ethyl  Bromodihydrochauhnoograte. — A more  convenient 
way  of  preparing  dihydrochaulmoogric  acid  than  that  described  in  the 
previous  communication  (Trans.,  1904,  85,  857)  has  been  found  to  be 
by  the  reduction  of  ethyl  broraodihydrochaulmoograte  with  zinc  dust 
and  acetic  acid.  The  ethyl  dihydrochaulmoograte  thus  obtained  distils 
at  230°/22  mm.  When  cooled,  it  solidifies  to  a mass  of  glistening 
needles,  which  melt  at  1 7°.  The  dihydrochaulmoogric  acid  obtained  by 
the  hydrolysis  of  this  ester  melted  at  71°,  and  is,  as  stated  in  the 
previous  communication  {loc.  cit.),  optically  inactive.  It  is  a very 
stable  substance,  and  all  attempts  to  prepare  definite  oxidation  products 
from  it  resulted  in  its  complete  degradation. 

Elimination  of  Hydrogen  Bromide  from  Ethyl  Bromodihydrochaul- 
moograte. — The  bromo-ester  was  heated  with  an  alcoholic  solution  of 
potassium  hydroxide,  when  the  elements  of  hydrogen  bromide  were 
eliminated  with  the  simultaneous  hydrolysis  of  the  ester.  The  acid 
thus  obtained  was  converted  into  the  ethyl  ester  and  the  latter  dis- 
tilled. This  had  an  optical  rotation  of  -1- 7°35'  in  a 1-dcm.  tube.  When 
the  hydrogen  bromide  was  eliminated,  either  by  the  distillation  of  the 
bromo-ester  or  by  heating  it  with  diethylaniline,  products  were  obtained 
which  had  a rotatory  power  respectively  of  -f  7°40'  and  -f  7°20'  in  a 
1-dcm.  tube. 

The  acid  obtained  by  the  action  of  alcoholic  potash  on  the  bromo- 
ester,  as  above  described,  when  fractionally  crystallised  was  found  to 
be  a mixture,  and  no  pure  substance  could  be  isolated  from  it. 

Formation  of  a Keto-dicarhoxylic  Acid,  Cj5H3oCO(C02H)2. — The 
above  mixture  of  acids  was  treated  in  the  cold  with  an  excess  of 
potassium  permanganate  in  the  presence  of  only  a slight  excess  of 
alkali.  The  acids  thus  produced  were  converted  into  their  methyl 
esters,  and  the  latter  fractionally  distilled  under  15  mm.  pressure. 
A portion  boiling  between  220  and  275°/15  mm.  deposited  a consider- 
able quantity  of  a crystalline  substance.  This  was  collected  and 
crystallised  from  methyl  alcohol,  from  which  it  separated  in  beautiful 
plates,  melting  at  64 — 65°.  On  analysis  : 

0-0966  gave  0-2389  COg  and  0-0877  H2O.  C = 67-4 ; H = 10-1 . 
CjoHggOg  requires  0 = 67 -4;  H = 10-l  per  cent. 

This  ester,  on  hydrolysis,  yielded  an  acid  which  was  almost 
insoluble  in  ether.  The  acid  was  collected,  dried,  and  dissolved  in 
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hot  ethyl  acetate,  from  which,  on  cooling,  it  separated  in  small  needles 
melting  at  126°  : 

0-1128  gave  0-2716  COg  and  0-0988  H^O.  C = 65-7  ; H = 9 7. 

CigHggOg  requires  C = 65-9  ; H = 9-8  per  cent. 

This  was  found  to  be  a keto-acid,  since  it  gave  an  o:cime  which,  after 
crystallisation  from  ethyl  acetate,  melted  at  67  — 68°. 

Two-and-a-half  grams  of  the  acid  were  oxidised  in  alkaline  solution 
with  3-8  grams  of  potassium  perma'nganate.  After  removing  the 
manganese  dioxide,  the  liquid  was  concenti-ated,  acidified  with 
sulphuric  acid,  and  distilled  with  steam.  From  the  .^mall  amount 
of  acid  contained  in  the  distillate  a barium  salt  was  prepared,  which 
gave  the  reactions  of  formic  and  acetic  acids. 

The  contents  of  the  distillation  flask  were  then  diluted  with  water, 
and  the  in.soluble  acid  separated  by  filtration.  This  was  found  to 
consist  chiefly  of  ?i-dodecanedicarboxylic  acid,  which  had  previously 
been  obtained  by  the  direct  oxidation  of  chaulmoogric  acid.  The 
filtrate  was  concentrated  and  extracted  several  times  with  ether,  the 
ethereal  solution  dried  with  sodium  sulphate,  and  the  solvent  removed, 
when  a small  quantity  of  a crystalline  acid  was  obtained.  This 
melted  indefinitely  between  100°  and  130°,  evolved  gas  at  150 — 160°, 
indicating  the  presence  of  some  malonic  acid,  and  at  the  latter  tem- 
perature a substance  sublimed  in  thin  needles,  which  was  identified  as 
oxalic  acid. 

From  considerations  discussed  in  the  introductory  portion  of  the 
paper,  it  is  seen  that  the  above-described  acid,  is  probably 

y-keto-^-methyl-n-pentadecane-aa'-dicarhoxylic  acid. 


II.  Hydnocarpic  Acid,  C^gllggOa. 

The  hydnocarpic  acid  employed  in  this  investigation  was  prepared 
from  the  oil  of  Hydnocarpus  Wightiana  (Blume)  in  the  manner 
described  by  us  in  a previous  communication  (Trans.,  1905,  87,  888). 
It  crystallises  in  colourless,  glistening  leaflets,  melting  at  60°,  and 
having  [a]o  -f  68°  in  chloroform  solution.  Like  its  higher  homologue, 
chaulmoogric  acid,  it  undergoes  change  on  keeping,  acquiring  a yellow 
colour,  which  is  attended  with  a lowering  of  the  melting  point.  If  it 
be  then  distilled  under  diminished  pressure,  a brown,  resinous  substance 
is  left  in  the  distilling  flask.  Tliis  change  takes  place  more  readily 
with  hydnocarpic  than  with  chaulmoogric  acid. 

Oxidation  of  Hydnocarpic  Acid  in  Alkaline  Solution  with  an  Excess 
of  Potassium  Permanganate. — Sixty-fiVe  grams  of  hydnocarpic  acid 
were  dissolved  in  a solution  of  18  grams  of  potassium  hydroxide  in 
3 litres  of  water.  To  this  was  gradually  added,  with  constant  stirring, 
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a solution  of  270  grams  of  potassium  permanganate  in  7 litres  of 
water,  the  temperature  during  the  oxidation  being  kept  at  15 — 20°. 
After  standing  overnight,  the  excess  of  permanganate  was  removed 
with  sodium  bisulphite,  and  the  liquid  filtered.  The  acids  were  then 
liberated,  extracted,  and  converted  into  their  methyl  esters.  On 
distilling  the  latter  under  18  mm.  pressure  the  following  fractions 
were  obtained:  195—210°;  210—240°;  210—250°;  250— 255°/18  mm. 
The  first,  third,  and  fourth  of  these  fractions  solidified  almost  com- 
pletely on  standing. 


Isolation  of  n-Decanedicarhoxylic  Acid. 

Fraction  195 — 210°/18  mm. — This  was  analysed  with  the  following 
result  : 

01334  gave  0-3142  CO2  and  0-1187  0 = 64-2;  H = 9-9. 

C14H26O4  requires  C = 65-1  ; H = 10-1  per  cent. 

CJ3H24O4  „ 0 = 63-9;  H = 9-8  „ „ 

This  ester  was  hydrolysed  and  the  acids  crystallised  from  ethyl 
acetate.  An  acid  was  thus  obtained  which  crystallised  in  small 
needles,  melting  at  1 23°  : 

0-1020  gave  0 2345  COg  and  0-0887  H2O.  0 = 62-7  ; H = 9 7. 
O12H22O4  Inquires  0 = 62-6  ; H = 9-6  per  cent. 

This  acid  is  evidently  identical  with  the  ?i-decamethylenedicarboxylic 
acid  piepared  synthetically  by  Nordlinger  {Ber.,  1890,  23,  2357),  who 
found  it  to  melt  at  124-5 — 125‘5°. 

Fraction  210 — 240°/ 18  mm. — This  was  very  small  in  amount,  and 
consisted  of  the  constituents  of  the  preceding  and  succeeding 
fractions. 

Isolation  oj  a Tricarboxylic  Acid,  CjgHggOg  {n-Tridecane-aay-tri- 

carboxylic  Acid), 

Fractions  240 — 250°  and  250 — 255°/ 18  mm. — The  former  of  these 
two  fractions  was  the  largest  obtained,  but  they  were  found  to  consist 
essentially  of  the  same  substance.  The  solid  which  separated  from 
them  was  spread  on  a porous  plate,  in  order  to  remove  a little  adhering 
oil,  and  then  twice  crystallised  from  methyl  alcohol,  from  which  it 
separated  in  rosette-like  clusters  of  fine  needles,  melting  sharply  at  28°. 
On  distillation  the  ester  passed  over  at  245/15  mm.  as  a colourless  oil, 
which  solidified  on  cooling  : 

0-1390  gave  0-3236  CO2  and  0-1187  H2O.  0 = 63-5;  H = 9-5. 

0-1410  „ 0-3284  002  „ -Q-1208  H2O.  0 = 63-5;  H = S-5 
OjgHg^Og  requires  0 = 63-7  ; H = 9'.'?  per  cet* 
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2 '0986  required  for  hydrolysis  33 "4  c.c.  NaOH,  the  calculated 
amount  for  C^3H25(C02Me)3  being  35‘1  c.c. 

The  hydrolysis  of  this  ester  yielded  an  acid  which  solidified  in  hard, 
warty  masses,  melting  at  52 — 55°.  The  acid  was  subsequently  dis- 
solved in  hot  ethyl  acetate,  from  which,  on  cooling,  it  separated  in 
aggregates  of  fine  needles,  melting  at  60°,  and  this  melting  point  was 
not  altered  by  further  cry.stallisation.  It  is  optically  inactive  : 

0-1239  gave  0-2750  CO2  and  0-0993  HgO.  0 = 60-5;  H = 8'9. 

0-1106  „ 0-2458  002  „ 0-0876  H2O.  0 = 60-6 ; H = 8-8. 

OjQHjgOg  requires  0 = 60-8;  H = 8-9  per  cent. 

This  acid  is  a lower  homologue  of  the  tricarboxylic  acid  obtained 
by  the  oxidation  of  chaulmoogric  acid,  and,  from  considerations  noted 
in  the  introductory  portion  of  the  paper,  it  is  evidently  n-tridecane- 
aa  y-tricarhoxylic  acid. 

We  desire  to  express  our  best  thanks  to  Sir  William  H.  Perkin, 
F.R.S.,  for  having  kindly  determined  for  us  the  magnetic  rotations 
recorded  in  this  paper,  and  also  to  Professor  A.  Crum  Brown,  F.R.S., 
for  having  favoured  us  with  a specimen  of  ethyl  n-dodecanedicarb- 
oxylate. 
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